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Abstract 
Biomass has received considerable attention because it is renewable and offers the prospect of circulation of carbon 
in the ecological system. The concept “Biorefinery” has been developed rapidly in order to establish sustainable 
industries. Recently, new types of epoxy resins with polyester chains, which can be derived from saccharides, lignin 
and glycerol, have been investigated. In the above studies, the relationship between chemical structure and physical 
properties was investigated. In the present review, the features of the preparation system and the action of biomass 
components in epoxy resin polymer networks are described. The glass transition temperatures of the epoxy resins 
increased with increasing content of biomass components in epoxy resin polymer networks. Thermal decomposition 
temperatures were almost constant regardless of the content of biomass components contents in epoxy resins. Mass 
residue at 500 oC increased with increasing contents of biomass components in epoxy resins. It was found that the 
thermal properties can be controlled by changing the contents of biomass components. 
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1. Introduction 
Biomass has attracted a lot of attention since it can be produced in large quantities, is renewable, and 
provides circulation of carbon in the ecological system [1]. Recently, the concept “Biorefinery” has been 
developed rapidly in order to establish sustainable industries [2]. 
Epoxy resins are known to be one of the most important thermoset polymers, since they are used in 
adhesives, composites and elastomers [3]. In the past many researchers studied ether-type lignin-based 
epoxy resins [4,5]. Malutan et al. reported epoxy resins which were derived from hydroxymethylated 
lignin [6]. Concerning saccharide-based epoxy resins, furan derivatives with epoxy groups from pentoses 
and hexoses were studied by Belgacem et al. [7]. Tian also described the epoxy resins with furan     
 
 Corresponding author. Tel.: +81-776-29-2765; fax: +81-776-29-2765 
   E-mail address: s-hirose@fukui-ut.ac.jp 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
27 S. Hirose et al. /  Procedia Chemistry  4 ( 2012 )  26 – 33 
moiety [8]. Nanocomposites from plant oil-silica hybrid coatings were investigated by Tsujimoto et al. [9]. 
Llgadas et al. also reported epoxy resins derived from epoxidized vegetable oils [10].  
Our research group has developed various new highly functional and high performance polymers, 
which can be derived from biomass components such as saccharides, polysaccharides, lignin, and 
vegetable oil components. Hatakeyama et al. have extensively studied various types of polyurethanes 
including composites [11-18]. Recently, new types of epoxy resins with polyester chains, which can be 
derived from saccharides, lignin and glycerol have been studied [19-25]. In the above studies, the 
relationship between chemical structure and physical properties was investigated. In the present review, 
the action of biomass components in epoxy resin polymer networks will be discussed. 
2. Preparation Process of Epoxy Resins          
Figure 1 shows the preparation scheme of epoxy resins. Firstly, saccharides and lignin were dissolved 
in polyols such as ethylene glycol, glycerol etc., which act as both solvent and reactants in the preparation 
system. The ratio in weight of biomass components to polyols was kept at 1.0. The ratio can be increased 
by more than 1.0. However, the reaction with epoxides is difficult due to the high viscosity of the polyol 
solutions of biomass components [26,27]. 
 
 
Fig. 1. Preparation procedure of epoxy resins 
3. Synthesis of Epoxy Resins 
Biomass components such as saccharides, lignin and glycerol have hydroxyl groups in their molecules. 
Usually, primary alcoholic and phenolic hydroxyl groups react with epoxy groups under appropriate 
conditions such as basic catalysts. Accordingly, in order to utilize all the hydroxyl groups including 
secondary and tertiary hydroxyl groups, hydroxyl groups were converted to half-esters of dicarboxylic 
acid anhydrides in the presence of amine catalyst such as dimethylbenzylamine. In this way, 
polycarboxylic acid derivatives of biomass components (BC-polyol-PA) could be obtained. Figure 2 
shows the synthetic scheme of epoxy resins containing lignin as a biomass component, as an example. 
Ethylene glycol poly acid derivative (EGPA) was also prepared from ethylene glycol, separately. Biomass 
polyacid derivatives were allowed to react with polyepoxy compounds, and cured epoxy resins were 
obtained. 
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Fig. 2. Reaction scheme for epoxy resins derived from lignin 
4. Curing Reaction of Epoxy Resins 
The curing reaction was evaluated using data which were obtained by differential scanning calorimetry 
(DSC). The heat of curing reaction was measured by DSC with various heating rates. Figure 3 shows the 
DSC heating curves for ALEGPA-EGDGE (ethylene glycol diglycidyl ether). The data were analyzed by 
the integral method (Ozawa method) [28]. In the above reaction system, dimethylbenzylamine acts as an 
accelerator for the curing reaction. Figure 4 shows the Arrhenius plots of logarithmic heating rate versus 
reciprocal temperature where a constant reaction rate could be obtained. The calculated values of 
activation energy ('E) of curing reaction are ca. 83.5 kJ/mol in the range of the rate of reaction of 60%. 
However, the value of 'E at 80% of the rate of reaction is 110 kJ/mol, which is higher than that in the 
range of rates of reaction up to 60%. It is considered that the diffusion controlled rate determining process 
occurs in the higher reaction rate region. Concerning the 'E values for epoxy resins derived from 
saccharides, the values were almost the same as those of the epoxy resins from lignin. Accordingly, the 
reactivity of carboxylic acid groups with epoxy groups is not affected by the character of hydroxyl groups 
attached to biomass components.  

 
Fig. 3. DSC heating curves with various heating rates for epoxy resins derived from lignin 
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Fig. 4. Arrhenius plot of logarithmic heating rates versus reciprocal temperatures 
In order to determine the curing conditions, the heat of curing reaction was monitored at 130 qC under 
the isothermal condition by DSC. The exothermic signal due to the curing reaction was not observed after 
ca. 4 h.  Accordingly, curing was carried out at 130 qC for 5 hr in the present studies. Figure 5 shows the 
Fourier transform infrared (FTIR) spectra of ALEGPA, EGDGE and the obtained epoxy resin. In the 
spectrum of epoxy resin, a strong peak at 1720 cm-1 (ester groups) is observed, while two peaks at 1720 
and 1680 cm-1 (ester groups and carboxylic acid groups for ALEGPA), and 910 cm-1 (epoxy groups for 
EGDGE)  are not observed. Furthermore, gelation was not observed in the cured product derived from 
EGPA and EGDGET. The above results indicate that the side reaction of secondary hydroxyl groups with 
carboxylic acid groups does not occur during the curing process. Therefore, it is considered that the 
reaction of carboxylic acid groups with epoxy groups occurred after the curing process. 
 
Fig. 5. FTIR spectra of ALEGPA, EGDGE and epoxy resin 
5. Influence of Chemical Structure of Biomass Components on the Glass Transition Temperatures 
of Epoxy Resins 
Figure 6 shows the chemical structure of saccharides, glycerol and estimated chemical structure of 
lignin. It can be seen that lignin has a relatively complicated chemical structure. However, lignin 
molecules consist of phenyl propane unit with hydroxyl groups Figure 7 shows the relationship between 
glass transition temperatures (Tg’s) and the calculated chain lengths between cross-linking points. The 
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influence of the chemical structure of biomass components is prominent when the chain lengths become 
shorter. The values of Tg’s are high in the order of sucrose, glucose, fructose, lignin and glycerol. The 
above results are reasonable when the number of carboxylic acid groups per molecule, and pyranose and 
furanose ring structures of saccharides is considered. Figure 8 shows the relationship between Tg’s and 
ALGLYPA contents for epoxy resins. Tg values increase with increasing ALGLYPA contents. The above 
result suggests that lignin molecules have a larger influence on Tg values than glycerol molecules, since 
lignin molecules have a more rigid chemical structure than glycerol molecules. Epoxy resins having Tg 
value of ca. 170 qC could be obtained when ALPA was allowed to react with BPADGE using a solvent 
system. The above result suggests that lignin has greater potential for the production of various types of 
materials for practical uses. 
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Fig. 6. Chemical structure of saccharides and glycerol, and the estimated chemical structure of lignin 
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Fig. 7. Relationship between the number of repeating units between cross-linking points and Tg’s for epoxy resins 
The biomass component poly acid (BC-polyol-PA) contents were calculated using the following 
equation. 
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Where WBC-polyol-PA is a weight of BC-polyol-PA and WEGPA is weight of EGPA 
 
Fig. 8. Relationship between ALGLYPA (AL-glycerol polyacid) contents and Td’s of epoxy resins 
6. Influence of Chemical Structure of Biomass Components on Thermal Decomposition 
Temperatures (Td’s) of Epoxy Resins 
It is known that saccharides, lignin and glycerol are relatively thermally unstable, due to the fact that 
the above biomass components have hydroxyl groups in their molecules. For example, lignin becomes 
thermally stable after acetylation of hydroxyl groups. The Td of lignin is 230 qC and that of acetylated 
lignin 289 qC [29]. 
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In order to study the thermal decomposition of epoxy resins, thermogravimetry (TG) was performed. 
Figure 9 shows the relationship between Td’s, mass residue at 500 qC (MR500) and BCEGPA contents, 
respectively. Td’s are almost constant regardless of BCEGPA contents. The above results indicate that 
obtained epoxy resins show excellent thermal stability. However, MR500 values are affected by BCEGPA 
contents. MR500 values increase with increasing BCEGPA contents. Furthermore, the MR500 values change 
according to the kind of biomass components. As shown in Figure 9b, lignin molecules strongly 
contribute to the increase in MR500 values. The above results are reasonable when it is considered that 
lignin molecules easily condensed with each other at higher temperatures [30].  
 
(a) (b) 
Fig. 9. Relationship between CBEGPA contents and (a) Td’s and (b) MR500 
7. Conclusion 
The relationship between the chemical structure of biomass components and thermal properties such 
as Tg’s, Td’s and MR500 of the obtained epoxy resins were discussed. Tg values can be controlled by 
changing the amount of biomass components. The above epoxy resins show excellent thermal stability, 
i.e. Td values are ca. 340 qC. Accordingly, the preparation system studied in the present investigation 
provides new epoxy resins which can be derived from various biomass components such as saccharides, 
lignin and glycerol. Furthermore, the obtained epoxy resins have greater potential for various practical 
uses. One example is epoxy resin composites filled with nano-clay, which show excellent thermal 
stability and barrier properties [31].   
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